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ABSTRACT 

Ever since the early days of homograft implantation in 1956, and the introduction into clinical practice by Ross 
and Barrat Boyes, homograft heart valves have proven to have many advantages. Its disadvantages became 
evident during long-term follow up. Factors, such as donor and recipient morbidity, tissue banking techniques, 
and the often complex surgical technique required to implant, are of great influence on the long term results. 
Because of European Directives, legally binding quality assurance regulations have been introduced in homo- 
graft banks. However, still not all processing methods have been scientifically sub-structured on their effects on 
the final product and its durability. The donor shortage has stimulated researchers and industries to develop 
and improve mechanical and biological valve substitutes such as the stentless bioprostheses. In general, candi- 
dates for homograft valve implantation include patients with: endocarditis, congenital defects and women who 
wish to become pregnant. For each category of patients different implantation techniques are required. The re- 
sults of homograft banking and homograft transplantation in the German Heart Institute Berlin are satisfactory. 
Freedom of re-infection rate after homograft implantation is 91.9% +/-3.6% after 15 years. Current develop- 
ments show an increased interest in tissue engineered as well as in de- and re-cellularization of heart valve 
homografts. The advantages and disadvantages of the several processing techniques have not yet been proven 
in long term clinical results. For homograft bankers these developments pose as a challenge to join forces and 
to initiate cooperate projects aimed at scientific and organizational development. 
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INTRODUCTION 

Heart valves are marvels of natural engi- 
neering. Most people's last a lifetime. But 
when valves become diseased, they may 
need to be repaired or replaced. Many Eu- 
ropeans need surgery for valve diseases. 
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Most of them will get new, replacement 
valves made of mechanical or biological 
(homograft/animal) materials. Which type 
of valve they get is an important decision 
and is often not decided until the time of 
surgery. Up until now, the biological valve 
had one big disadvantage: it did not last 
very long. Recently, however, researchers 
at Deutsches Herzzentrum Berlin have 
turned that belief on its head. Biological 
valves turns out to be a lot tougher than 
many people thought: they last. 
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The first implantation of a homograft in 
the descending aorta was performed by 
Murray, in 1956 (1). 

From then on, homografts, also known as 
human allograft heart valves, have been in- 
creasingly used for valve repair. 
Their use has been clearly established since 
they were introduced into clinical practice 
by Ross (2) in 1962 and Barratt Boyes (3) 
in 1965. At that time, they were the only 
successful biological heart valve prosthesis 
beside the mechanical ones. 
To date there is no ideal valve substitute; 
however, homograft valves offer many 
theoretical and proven advantages, such 
as restoration of normal flow in the aortic 
root, sinuses and coronary orifices; supe- 
rior hemodynamic properties over me- 
chanical valves, especially to those avail- 
able in the early 1960s and 1970s, a low 
rate of thromboembolism, thus avoiding a 
lifetime of anticoagulation therapy, and re- 
sistance to infection. Its disadvantages be- 
came evident during long-term follow-up. 
Homograft implantation requires a slight- 
ly more complex technique of insertion. Its 
limited availability because of the short- 
age of human organ and tissue donors is a 
clear disadvantage. 

The valves can be explanted either from re- 
cipients of heart transplantation, from or- 
gan donors whose hearts are not accepted 
for heart transplantation for reasons other 
than valve problems, and from patients 
who had died due to noncardiac reasons. 
Likewise, the possibility of explantation 
and use of the homografts depends also on 
the local rules governing organ and tissue 
donors. 

The last factor (limited durability) is very 
important because it necessitates reopera- 
tion, with attendant risk, inconvenience 
and cost. In the first few years after their 
introduction into clinical practice, homo- 
grafts were thought to have the same dura- 
bility as a normal human valve. However, 



during mid- and long-term follow-up, it be- 
came evident that these homograft valves 
undergo structural degeneration as are oth- 
er biological valve substitutes. 
These valves undergo early calcification 
with slow progression. Thus, in 20 years, 
30% to 40% of homografts implanted are 
still functional. Although the durability is 
higher compared with xenogeneic valves, it 
is still less than that of mechanical pros- 
theses. Patients must be informed about 
the strong possibility of a repeat valve re- 
placement surgery. Regarding the huge and 
still growing number of patients requir- 
ing valve replacement, it became clear that 
these valves could not be used in every 
case. 



METHODS 

Effects of Sterilization, Preservation and 
Storage on Vitality of Homografts 

Different techniques of sterilization, pres- 
ervation and storage are described in lit- 
erature. Although other preservation tech- 
niques (4, 5) have been reported, the pro- 
cedures were modified and improved with 
time. Presently mainly two alternatives are 
applied, namely cryopreservation in the va- 
por phase of liquid nitrogen and fresh-wet 
storage at 4°C after antibiotic sterilization 
(6, 7). 

Fresh wet storage results in more viable 
donor cells at implantation and therefore 
might increase the immunologic response 
of the recipient. 

Cryopreservation has the advantage of the 
possibility of a long storage period. During 
the rewarming process, care must be taken 
to achieve a homogenous defrosting of the 
complete graft in order to avoid any inter- 
stitial ice formation. 

Any crystallization of interstitial water 
can be the starting point of later degenera- 
tion. In both processes, great care must be 
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taken to ensure complete sterile processing 
and storage; this must be controlled by re- 
peated microbiological testing of the fluids 
used for storage, since any contamination 
of the homograft could be disastrous for 
the recipient. 

In one large series of O'Brien and his group 
(7), there was an advantage for cryopre- 
served grafts during long-term follow-up. 
The viability of the grafts stored at 4C 
could explain these findings. 

Homograft Banking 

Preparation. Figure 1 shows the algorithm 
on how the homografts after harvesting are 
processed and sterilized on the first day. 
Measurements of Homograft. The measure- 
ment criterion of the aortic valve homograft 
limits the subvalvular myocardial length to 
a minimum of 5 mm, and the length of the 



aortic wall from the commissure to a mini- 
mum of 5 mm. 

The measurement criterion of the pul- 
monary homograft limits the subvalvular 
myocardial length to a minimum of 5 mm, 
and the pulmonary wall length to a mini- 
mum of 5 mm from the commissure. 

Sterilization 

After measurements, the homograft is 
stored for a period of 18-24 hours in an an- 
tibiotic solution and medium at 4°C. 
The components of the antibiotic solution 
is shown in Table 1. The composition of 
the antibiotic solution is chosen such that 
all non virulent pathogens are eliminated, 
while toxic influence on the cells of the ho- 
mograft wall is being avoided. If any viru- 
lent microorganisms are found, the homo- 
graft is discarded. 
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Reception and control of the donor heart 



Preparation 



Sample specimen 
for microbiology 
and pathology 



Organ preparation 



Harvesting and preparation of 
the aortic and pulmonary valves 



Assessment and measurement of 
the aortic and pulmonary valves 



Antibiotic for 24 hours at 4°C 




Remaining heart sent 
to pathology laboratory 



Sample specimen 
for microbiology 



Figure 1 



- Homograft banking, first dag processes.. 
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100 Table 1 - Antibiotic solution for homograft 
sterilization. 



Antibiotic 


Dosage ( mg/2ml syringe) 


Amikacin 


1.2 


Flucytozin 


3.0 


Vancomycin 


1.2 


Ciprofloxacin 


0.3 


Metronidazole 


1.2 



Documentation protocol 

All physical and processing data with re- 
spect to the homograft are documented and 
recorded on a homograft production form. 

Labelling 

Depending on the morphology of the ho- 
mograft, different grafts may be produced 
such as: human aortic valve, human as- 
cending aorta, human descending aorta, 
human pulmonary artery, human pericar- 
dium. These homografts are then labeled 
accordingly. 

Packaging 

On the second day, provided all microbio- 



logical tests do have negative results, the 
homografts are packaged and, under cryo- 
protection of DMSO, stored in the vapor 
phase of liquid nitrogen at -176°C (Figure 2). 

Quantitative results 

As shown in Figure 3, the availability of 
suitable donors is limited. While over a 
10 year period 927 hearts were sent to the 
Berlin Homograft Bank an average of 92.7 
per year, only 43 hearts were received in 
2009. 

While the donor source consists of recipi- 
ents of heart transplants, organ donors 
whose hearts were not accepted, or donors 
who were autopsied and their relatives had 
agreed to using their tissues, the possibili- 
ties would be greater if hearts could be re- 
trieved from non-organ donors with a car- 
diac arrest from up to 24 hours. 
Given the limitations of the donor source 
in Germany, many homografts had to be 
imported over the years. Figure 4 shows 
the aortic and pulmonary homograft im- 
plantations in the German Heart Center 
Berlin from 2000-2009. 



DMSO 
45 minutes , +4°C 



Programmed freezing 



Programmed freezing 



Storage in -176°C 



Sample for 
microbiological 
assay 



Figure 2 



- Homograft banking, second dag processes. 
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Figure 3 - Donor hearts received at the Deutsches Herzzentrum Berlin Homograft Bank: 2000-2009. 



Indications for homograft implantation 

Choice of homograft for valve replacement. 
Although most of the available prosthetic 
heart valves function remarkably well, the 
variety of available choices attests to the 
inability of any single one to fulfill the re- 
quirements of the ideal valve substitute. 
Review of several large comparative stud- 
ies on valve performance reveals that the 
overall results with tissue and mechani- 
cal valves are about equal at the end of 10 
years. The characteristics of each type of 
valve substitute dictate the selection of one 
prosthesis in preference to others for a par- 
ticular patient. 

Mechanical prostheses are recommended 
for patients without contraindications for 
anticoagulants. Tissue valves are reserved 
for patients over 65 years of age or for pa- 
tients in whom anticoagulation is contra- 
indicated. 

Multiple other patient-related factors need 
to be considered in selecting the appropri- 
ate valve, including the psychosocial situa- 



tion and patient preference. After the first 
two decades of constant improvements in 
valve prostheses, no major advance has oc- 
curred since the mid 1980s. Hence, valve 
replacement remained the exchange of one 
disease for another. 

With minor and, for the most part, statis- 
tically nonsignificant variations, the spec- 
trum of late valve -related complications re- 
mained unaltered and the few series pub- 
lished in the year under review brought 
no additional information of relevance. By 
contrast, in the past few years there has 
been a growing enthusiasm for the use of 
allografts, stentless porcine bioprostheses, 
and pulmonary autografts. Not only was 
there a surge of interest in the allografts 
as aortic valve substitutes, but in the past 
years there have also been several reports 
of use for whole or partial mitral or tricus- 
pid valve replacement. 
On the other hand, stentless bioprosthe- 
ses are also gaining increasing acceptance, 
and all major manufacturers of heart valve 
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Figure 4 - Homograft valves implanted in the Deutsches Herzzentrum Berlin.: 2000-2009. 



prostheses have models for use in different 
situations and with different techniques. 
Finally, the Ross operation is now being 
performed around the world. Despite these 
advances, valve repair still merits the pref- 
erence of many surgeons. Mitral valvulo- 
plasty preserves left ventricular function 
much better than valve replacement. By 
contrast, the results of aortic valve repair 
look much less impressive. Recent reports 
focus on special aspects of surgery for na- 
tive or prosthetic valve endocarditis, es- 
pecially with the use of allografts or au- 
tografts, on the results of valve surgery in 
elderly patients, and on the controversial 
issues of anticoagulation in patients with 
artificial valves. 

Indications for use of homograft 

Although no clear indications exist about 
which a homograft must be used, these 
valves are a useful tool in heart valve sur- 
gery. Candidates for homograft valve im- 
plantation included the following. 



Endocarditis 

Adult patients with persistent native valve 
or prosthetic valve endocarditis involving 
the aortic valve usually require aortic valve 
replacement as part of their medical care. 
Homograft aortic valve replacement has 
been shown to have a decreased incidence 
of recurrent bacterial endocarditis in pa- 
tients with native valve or prosthetic valve 
endocarditis. 

For this reason, many surgeons believe 
that in patients with aortic valve endocar- 
ditis the replacement of choice is the aortic 
homograft (8). 

The reasons homograft are selected for pa- 
tients with endocarditis, are: 

1. homografts were thought to possess an- 
ti-infective properties; 

2. homografts demonstrated that there 
were still living cells at the time of im- 
plantation: therefore, it was assumed 
that these living grafts could cope better 
with bacterial infection. These however 
are clinically not proven. 
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An advantage of homografts seems not to 
result from tissue or some specific prop- 
erties but from the fact that, particularly 
when using the mini-root technique, they 
allow the replacement of annular tissue 
and even parts of the anterior mitral leaflet. 
This allows the most radical excision of all 
infective tissue, which is an important sur- 
gical goal in all infections. 

Congenital heart disease 

A number of operations used for correc- 
tion of complex congenital heart disease 
requires valved and nonvalved conduits. 
In Norwood procedure or reconstruction 
of the ascending aorta and aortic arch for 
hypoplastic left heart syndrome, or recon- 
struction of the right ventricular outflow 
tract in Tetralogy of Fallot with pulmonary 
atresia (right ventricle to pulmonary artery 
conduits) homografts are used in such pa- 
tients when available in the required size. 
However, a strong drawback is its poor 
durability, often requiring several replace- 
ments in a growing child. Research is un- 
derway to provide substitutes for children. 
Tissue engineering might be the most 
promising approach, but still far from clini- 
cal application. 

For aortic valve replacement in children, 
homografts do not play a role anymore, ho- 
mografts play a limited role, due to their 
poor durability and the higher risk of re- 
peated valve replacements. 

Mitral valve replacement 

Gulbins et al. (9, 10) applied homografts 
for mitral valve replacement, mostly with 
endocarditis. 

The maintenance of the "skeleton of the 
heart" stabilizes the left ventricle prevent- 
ing it from dilation. Technique of implan- 
tation is very demanding and there is evi- 
dence of reduced durability (11); hence its 
use is still experimental and far from clini- 
cal routine. 



Ross procedure 

The Ross procedure uses the patient's pul- 
monary valve as a substitute for the aortic 
valve. The homograft is then implanted in 
the pulmonary position. 
The hemodynamic situation thereafter is 
excellent with regards to the left ventricle 
and the degeneration rate of the new aor- 
tic valve is very low. Degeneration nor- 
mally occurs at the site of the implanted 
homograft in the pulmonary position. This 
might be a problem as high gradients in the 
right ventricular outflow tract are reported 
after a short follow-up period. Homografts 
in the pulmonary position seems to be the 
subject to an inflammatory reaction or re- 
jection., which leads to pulmonary stenosis 
during the first year of follow-up (12). How- 
ever, only 4% required reoperation during 
the first 5 years of follow-up. The Ross pro- 
cedure seems to be most effective in young 
patients, avoids lifetime anticoagulation 
with excellent hemodynamics. New valves 
based on tissue-engineering could be used 
in the pulmonary position, thus reducing 
the frequency of reoperation. 

Implantation technique 

The implantation technique of heart valve 
homografts is more demanding compared 
with stent-mounted mechanical valves. 
Three techniques are described: 
a. The suhcoronary technique 
The walls of the sinuses are excised, and 
leaflet commissures are suspended into the 
recipient's own aortic root. This ensures 
that the coronary ostia are not touched and 
the amount of foreign tissue is minimized. 
Small differences in the position of the leaf- 
lets can cause valve incompetence under 
physiologic conditions. Thus, applying the 
subcoronary technique, the precautions 
taken by surgeons of the German Heart In- 
stitute Berlin are the following: 
1. Avoid any size mismatch between the 
implanted graft and the recipient's aortic 
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root as this would lead to graft incompe- 
tence and aortic regurgitation. 

2. The integrity of the sino-tubular junc- 
tion must be maintained. 

3. Avoid any torsion or stretching of the 
structure. 

4. Since degeneration starts at the free wall 
due to an immunologic reaction, as little 
foreign tissue as possible should be im- 
planted. 

Therefore interposition of a vascular pros- 
thesis must be done when replacing the 
whole ascending aorta. In summary, the 
success depends on the morphology and 
diameter of the aortic root and accuracy of 
the implantation. 

b. The mini root technique 
This requires the implantation of the cor- 
onary arteries; however, this technique 
leaves the geometry of the leaflets, their 
commissures and the sinuses untouched. 
As the complete valve with its own val- 



vular apparatus is implanted, valvular in- 
competence due to implantation errors are 
rare. Its main disadvantage is the necessity 
for re-implantation of the coronary arteries 
and the larger amount of allogenic tissue 
implanted. Several authors (13-15) have 
reported that no significant differences be- 
tween the subcoronary and mini root re- 
placement techniques could be observed. 
In experienced hands, both techniques can 
be considered safe and efficient. 

Results of homograft implantation at 
the German Heart Institute Berlin 

Musci and colleagues (16) reported satis- 
factory early and long-term results with 
significantly better survival in native valve 
endocarditis than prosthetic valve endo- 
carditis. Freedom from re-infection rate af- 
ter homograft implantation is 91.9 + 3.6% 
after 15 years. Despite the advantages of 
considerably decreasing the risk of recur- 
rent endocarditis, structural valve dete- 
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Freedom from reoperation af- 
ter homograft implantation 
(n = 276). 
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Figure 6 

Long-term survival rates of 
homografts (n = 276). 
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rioration, as shown in Figure 5 increases 
over time, especially in young patients, and 
reoperation remains a challenge. Overall, 
the long term function of the homograft, 
particularly in pulmonary position, is very 
satisfactory. The Kaplan Meier curve (Fig- 
ure 6) shows a cumulative survival of 97% 
for pulmonary homografts after 20 years 
and 76.6% for aortic homografts over the 
same period of time. 



DISCUSSION 

Although homograft implantation remains 
the first choice for the treatment of specific 
valve lesions, it cannot be denied that the 
therapeutic possibilities of homografts do 
have limitations. The ideal replacement 
valve have the following characteristics: 

1. an unlimited availability; 

2. be easy to implant; 

3. should have an antithrombotic surface; 



4. an unlimited durability allowing physi- 
ologic flow. 
To date however, no prostheses fulfill these 
requirements. 

1. Limited availability. Over the past 25 
years, the availability of these homograft 
valves was a major problem as suitable do- 
nors were recipients of heart transplants, 
organ donors whose hearts were not ac- 
cepted, or donors who were autopsied and 
their relatives had agreed to using their tis- 
sues. The absence of an integrated struc- 
ture for tissue donor recognition and sub- 
sequent recovery of donor hearts is one of 
the major causes for the shortage. When 
homografts have to be bought from other 
institutions or even companies, the costs 
exceed those of other heart valves. At the 
German Heart Institute Berlin we believe 
that availability, quality and costs of these 
grafts are under control if major cardiac 
surgery centers run their own homograft 
bank. Centers that perform fewer implants 
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106 may be serviced by the homograft bank 
which is better equipped to respond the 
high quality standards that are required by 
the authorities and which are able to pro- 
vide 24 hour tissue bank services. Thus, 
unnecessary discard of tissue grafts can be 
avoided. Reports of less favorable results 
showing that homografts are subject to 
early degeneration, annular dilatation and 
subsequent regurgitation are partly due to 
the limited availability of these grafts. This 
results, especially in non selective urgent 
operations, to a mismatch between the 
available valve and the necessary diameter 
of the recipient and in some cases, pulmo- 
nary homografts have been used for aortic 
valve replacement and vice-versa. 

2. Complicated implantation techniques. 
Current implantation technique is some- 
what more difficult compared with stan- 
dardized procedures used for mechanical 
or stented biological valves. One can expect 
a more pronounced learning curve when 
starting to implant homografts. However, 
with proper techniques and experience, 
perioperative results are not worse when 
compared with stented valve substitutes. 

3. Antithrombotic surface. As with other bi- 
ological valves, homografts have a low rate 
of thromboembolic events after implanta- 
tion without anticoagulation. 
This might however, in part be a result 
of the younger age of most patients at the 
time of valve replacement, as the incidence 
of thromboembolism increases with age. 
Overall, the avoidance of lifetime antico- 
agulation is a big advantage, specifically for 
young children and women who wish to 
give birth. 

4. Unlimited durability, allowing natural 
physiologic flow. Homografts were thought 
to have the same durability as a normal hu- 
man valve. During follow-up, it has become 
evident that these grafts are also subject to 
degeneration. They undergo calcification 
rather early but progression is often slow. 



It proceeds over the leaflet commissures 
down to cusps. Moreover, the immunologic 
process is more accentuated in infants. For 
these reasons patients have to be well in- 
formed about the risks factors and of the 
likelihood of future re -intervention. 
Therefore, after 20 years, 30-40% of the 
implanted grafts were still in place. Calcifi- 
cation starts at the free walls of the grafts, 
where immunologic cells have the best 
access by ingrowing vessels from the sur- 
rounding scar tissues. 

Current developments 

During the first decade of this century 
studies and subsequent publications con- 
centrate on tissue engineering (17, 18) de- 
cellularization (19-22) and re-cellulariza- 
tion (23). The advantage of a tissue- engi- 
neered homograft would be twofold. 
First, such grafts could be modeled exact- 
ly according to the recipients' anatomical 
morbidity, thus avoiding a mismatch in 
diameter of the valve as is now sometimes 
the case with homografts. 
Second, the graft would be constructed 
such that the difficulties which are pres- 
ent when implanting a donor homograft 
are eliminated. As a consequence opera- 
tive complications would be significantly 
reduced. 

The removal of endothelial cells by means 
of decellularization is widely believed to 
eliminate the immune reaction of the ho- 
mograft recipient after implantation. Al- 
though experience is still limited to small 
series, and long term success must be sci- 
entifically demonstrated, decellularization 
is likely to be the answer to early calcifica- 
tion caused by the immune reaction of the 
recipient. 

Recellularization of previously decellular- 
ized homografts, either by pre-implanta- 
tion tissue engineering, or by the natural 
process in the recipient may combine the 
best of both worlds. 
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Some decades ago, it was reported that at 
substituting a deteriorated donor graft 
some years after implantation, pathologi- 
cal examination showed the presence of 
recipient endothelium which had replaced 
the donor cells (1). 

The re-seeding of endothelial cells on the 
valve has multiple advantages: Autologous 
cells reconstitute the natural situation of 
the valve structure resulting in a higher 
durability of the grafts, while avoiding the 
immunologic reaction incited by allogenic 
cells. 



CONCLUSION 

The future of homograft valve banking is 
actually a past revisited. From previous 
experiences and data gathered from ho- 
mografts implantation over the years, per- 
spectives on where else we can improve is a 
tremendous challenge. Over the past 25 dif- 
ferent preservation processing and storage, 
as well as surgical techniques have evolved 
to optimize the therapeutic possibilities 
for patients indicated for implantation of a 
homograft. Although long term follow-up 
shows satisfactory results, it is hard to pin- 
point the key success and failure factors in 
homograft implantation. 
As implantation techniques are fairly 
well standardized, there is still room for 
improvement: development of the donor 
source is of great importance, not only 
to cover the demand, also to enhance the 
chance for a good size match of the valve 
diameter between donor and recipient. 
Decontamination techniques show a great 
variety between the different international 
homograft banks. In addition there is room 
for rationalization of processing proce- 
dures, definitions of graft quality and the 
thawing process. The two common stor- 
age methods each have their advantages 
and disadvantages. Effects of these should 



be further demonstrated. This will help to 
achieve a standardized, reproducible qual- 
ity of the homografts used in clinical prac- 
tice. Probably a scoring system: to allow all 
surgeons adapted to homograft implanta- 
tion to know what they can expect from 
one graft with a given score. 
Given the fact that many differences in 
applied homograft banking methods are 
unexplained, and their effect on long term 
survival and function of the grafts, homo- 
graft banks should strongly cooperate to 
scientifically substructure the methods and 
their clinical consequences. In addition, 
given the high quality demands imposed 
by European Directives (24), it is expected 
that the smaller homograft banks will have 
difficulty to generate a critical mass of ex- 
pertise, necessary to respond to the many 
present and future challenges they are con- 
fronted with. 

Close cooperation, or even mergers, with a 
division of tasks may be instrumental for 
the survival of their services. 
Recent publications concerning the emerg- 
ing bioengineering projects, de-cellulariza- 
tion and re-cellularization, as well as the 
improvement of mechanical and biological 
heart valves must be seen as a challenge for 
homograft bankers to join forces to opti- 
mize their credibility and performance. 
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